The Nd:VAN laser system delivers the Stokes beam at 1064 nm and pumps the optical parametric oscillator (OPO) through frequency doubling. The OPO generates the tunable pump beam at 816.7 nm. After spatial and temporal overlapping by a dichroic mirror (DCM 1) and a delay stage, the beams are coupled into the laser scanning microscope. The CARS signal is generated using a 60x water immersion objective lens (Obj). The signals are collected by a condenser (Cond) and then separated into CARS and fluorescence contribution by a second dichroic mirror (DCM 2). A set of suitable optical filters (short-pass (SP) and band-pass (BP) filters) rejects the fundamental beams and narrows the spectral detection window for the CARS channel. In both detection arms (for fluorescence and CARS) a PMT converts the photons into electronical signals. These are acquired by an A/D converter card, which also controls the galvanometric mirrors. The MATLAB-based program ScanImage is used for the scanner control and the image formation. For the amplitude modulation an acousto-optic modulator (AOM) modulates the Stokes beam using the frequency reference (Ref.) of the lock-in amplifier, which is utilized for the demodulation of the CARS signal.
Supplementary data
belong to the choline and phosphate group of lipids, respectively, indicating the presence of polar lipids in lipid droplets (LDs). Thus, it is likely that the TAG rich core of LDs is surrounded by a phospholipid layer. The signal at 1750 cm -1 originates from the C=O alkyl-ester vibration, indicating the presence of DAGs and TAGs inside the LD. The signal at 1302 cm -1 and 1442 cm -1 is representative of the CH 2 shear vibration of alkyl groups, whereas 1264 cm -1 and 1660 cm -1 indicates C=C stretching vibration of alkyl groups. The CH 2 signal is indicative of total lipids, since CH 2 groups belong to both saturated and unsaturated fatty acids, whereas the C=C double bond appears only in unsaturated fatty acids. The intensities of the peaks at 1264 cm -1 and 1302 cm -1 strongly depend on the structure and conformation of the fatty acid inside the lipid molecule and are as such not suited as indicators of the quantity of the respective lipid type. Therefore, the peaks at 1660 cm -1 and 1442 cm -1 were utilized to determine the amount of desaturation among the total lipids from an individual LD, which is given by the ratio of I 1660/1442 . Background substraction was performed by the Lieberalgorithm [1] .
Supplementary Methods

Cultivation conditions
Monoraphidium neglectum (SAG 48.87) was obtained from the Algae Collection in Göttingen. Stock cultures were maintained on plates consisting of 1.5 % Provasoli based minimal media [2] (ProF, for the composition, see [3] ), supplemented with 1 % glucose (ProF + 1% glucose = PG) and 1.5 % agar.
Cells were maintained mixotrophically in 50 ml PG medium in a 300 mL constant illumination with white light from both the front and back side and 3 % CO 2 bubbling with gentle stirring. At day 1, 2, 4 and 8, 400 mL culture were removed for sample analysis. All cultivations were performed in biological triplicates at room temperature (24 °C).
Cell growth parameters
To monitor cell growth, the parameters optical density (at 750 nm), cell count (Beckmann Coulter Counter) and dry biomass weight (25 mL culture washed once with distilled water and dried overnight at 105 °C) were recorded in technical triplicates per biological replicate. Technical replicates were averaged prior data analysis. Cell weight (as pg cell -1 , for subsequent determination of the cellular neutral lipid content as shown in Supplementary Fig. S5 ) was obtained by the following formula:
Lipid extractions and chromatography
Lipid extractions and chromatographic analyses were performed in one (day 0 and 1) or two (day 2, 4 and 8) technical replicates per biological replicate from 10 -30 mg lyophilized biomass. After homogenization (3 × 45 s at 6,500 rpm using a Precellys 24, Peqlab, Erlangen, Germany), total lipids were extracted and separated into polar and neutral lipids as described previously [4] . Net total, neutral and polar lipid amounts were determined gravimetrically. The cellular neutral lipid content was obtained by:
Nile Red staining procedure (Supplementary Fig. S1 ) 
CARS acquisition settings
After gentle centrifugation to concentrate the culture slightly, the cells were placed on ice until CARS microscopy was performed (within one hour). 10 µL cell suspension was loaded onto a microscopic slide and incubated in the dark for 10 minutes During this incubation period, the non-motile M.
neglectum cells settled at the bottom and due to the fast scanning times (the average acquisition time for a cell of 60 µm² (Supplementary Figure S4) was 88 ms (2D scanning mode) and 375 ms (3D scanning mode), respectively), an additional immobilization step was not required. The lateral and axial resolution of the CARS system was approximated to 400 nm and 650 nm, respectively.
For CARS microscopy the focal intensities were set to 11.6 mW for the Stokes (1064 nm) and 23. . The sum of volumes of LDs was divided by the respective cell volume to derive the relative LD volume.
Statistical analysis
Data were collected and subsequently visualized as well as tested for significance (two-sided Wilcoxon Rank Sum test assuming a previous day having e.g. less LDs per cell section than the current one) with a Python script incorporating R (version 2.14.1) by the package 'rpy2' (version 2.2.5).
Significant changes of the gravimetric neutral lipid amounts were calculated in Excel with a two-sided t-test with variance set to heteroscedasticity; prior to this, technical replicates were averaged. 
Fatty acid profile determined by GC-MS
For GC-MS measurement, fatty acids were first converted to fatty acid methyl esters (FAMEs). For this purpose, the neutral or polar lipid extract was dissolved in 400 µL chloroform to which 0.88 mg mL -1 glycerol-triheptadecanoate (Sigma-Aldrich, Germany) was added as an internal standard. A blank was included to ascertain that contamination was absent. Next, 1. Chromatograms were analyzed with the Xcalibur software (version 2.0.7, Thermo Scientific, Germany); annotation of fatty acids was performed with the Supelco® 37 FAME mix (Sigma-Aldrich, Germany) and quantification by individual calibration curves for every FAME prior to sample analysis.
The fatty acid profile was finally obtained by dividing the concentration of each individual fatty acid by the sum of concentrations of all fatty acids. All chromatograms were reviewed manually.
